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IL-1β和 IL-10 浓度检测及脑组织含水量测定，并观察伤后 24h 实验兔脑组织病
理变化。在实验的第三阶段中，另选 32 只雄性新西兰大白兔按随机数字表法分
为假手术组（8 只）、爆炸伤组（12 只）和爆炸弹片伤+迷走神经刺激组（12 只），
爆炸伤组和爆炸弹片伤+迷走神经刺激组制作兔脑爆炸伤模型，爆炸弹片伤+迷走
神经刺激组爆炸伤后接受右侧颈迷走神经电刺激（10V，5HZ，5ms，20min）。对
各组兔进行血清（伤后 8h 及 24h）和脑脊液（伤后 24h）TNF-α和 IL-10 浓度检
测及脑组织含水量测定，并记录各组实验兔伤前、伤后 6h～8h 和 22h～24h 三个



















































Objective  To establish rabbit brain blast injury model which is closed to actual 
situation, simple operation, quality standardization, high stability and good 
repeatability by using explosion shock wave combined with scrap iron pieces and 
observe traumatic condition changes of the rabbits in the first stage of the 
experiments.In the second and third stages of the experiments, the regulation function 
about the vagus nerve electrical stimulation to brain tissue pathology and edema, the 
degrees of systemic inflammatory response in brain and whole body and dysfunction 
of the autonomic nervous system will be observed and investigated in rabbit brain 
blast injury model established by using the method of the first stage of the 
experiments. 
Methods  In the first stage of the experiments, 24 New Zealand white rabbits were 
randomly divided into four groups, 4 rabbites for preliminary experimental group, 4 
rabbites for blank control group, 6 rabbits for control group, 10 rabbits for blast injury 
group. Explode the parietal cortex of the rabbit right brain which were craniotomy 
operation by using the self-design explosive devices. The vital signs, the brain CT and 
the brain tissue pathology were observed and recorded. Establish proper animal model 
makes the experiments into the phase 2 and 3 through studying quality control, high 
stability and repeatability of the simple rabbit brain blast injury model. In the second 
stage of the experiment, 24 New Zealand white male rabbits were randomly divided 
into three groups, control group(6), blast injury group(10), vagus nerve stimulation 
group(8). Built the rabbit brain blast injury model for blast injury group and vagus 
nerve stimulation group , while the right cervical vagus nerve of the rabbits in vagus 
nerve stimulation group was stimulated (10V, 5HZ, 5ms, 20min) after blast brain 
injury. The changes of serum(6h after injury) and brain tissue (24h after wound) 
TNF-α, IL-1βand IL-10, the water contention and the pathological changes in brain 
tissue (24h after wound) were observed and recorded. In the third stage of the 
experiments, 32 male New Zealand White rabbits were divided into Sham-operated 
Group (n=8), blast injury group (n=12) and vagus nerve stimulation group (n=12)by 
random number table, in which blast injury group and vagus nerve stimulation group 















right side cervical vagus nerve stimulation (10V, 5HZ, 5ms, 20min) after brain blast 
injury. Each group of rabbit the TNF-α and IL-10 in serum (8h and 24h after injury) 
and cerebrospinal fluid (24h after injury), the water content in brain tissues were 
detected and the 2h long distance ECG (electrocardiograms) before injury, 6h～8h 
and 22h～24h after injury concentrations were recorded in each group. 
Results  Cerebral contusion, intracerebral hematoma, subarachnoid hemorrhage, 
intracranial pneumatosis and scrap iron residue standing for open craniocerebral 
injury were observed on the brain CT, while neuron degeneration necrosis, brain 
edema, hemorrhage and other pathological changes were appeared in the brain tissue 
pathology in the blast injury group. The level of serum and brain tissue TNF-α, 
IL-1βand the water contention in brain tissue were significantly higher than the 
control group and the vagus nerve stimulation group (P<0.01), while the level of 
IL-10 was between the control group and the vagus nerve stimulation group (P<0.05) 
at the acute stage of brain explosive injury（6h～8h after injury). The level of serum 
and brain tissue TNF-αand the water contention in brain tissue were significantly 
higher than the control group and the vagus nerve stimulation group (P<0.05), the 
level of IL-10 was significantly lower than that two groups (P<0.05), while the level 
of IL-10 between the control group and the vagus nerve stimulation group was not 
significant (P>0.10) in the later stage of brain explosive injury（24h after injury). 
Compared with the Sham-operated group, the low frequency/high frequency (LF/HF) 
ratio, which reflects autonomic nervous system balancing indicators in the blast group 
and vagus nerve stimulation group was significantly higher (P<0.01) at the acute 
stage of brain explosive injury. The blast group LF/HF ratios decreased significantly 
(P=0.01) and vagus nerve stimulation group no significant changes (P=0.320) in later 
stage of brain blast injury. 
Conclusion  The animal model on blast and shrapnel related traumatic brain injury 
in rabbits accords with imaging and pathological features of the craniocerebral blast 
injury models, is easily and standardly controlled, which can apply in the basic 
research of craniocerebral blast injury. The vagus nerve electrical stimulation can 
reduce brain edema degree, the levels of serum and brain tissue TNF-αand IL-1β, 
while increase the levels of serum and brain tissue IL–10 in rabbits, which plays a key 
role in brain protection effect after brain blast injury in rabbits through ameliorateing 















nerve electrical stimulation can improve and regulate the balance of the autonomic 
nervous system function, regulate respiratory and cardiovascular system function, 
which plays a key role in good prognosis after brain blast injury in rabbits. 
Keywords: Neuromodulation; Rabbit; Brain explosive shrapnel wounds; VNS; SIRS; 
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应的病理生理状态，是急性 TBI 患者常常诱发多器官功能障碍综合征（Multiple 
Organ Disfunction Syndrome，MODS）的发病基础，是导致重型颅脑损伤患者后
期死亡的重要原因[7]。SIRS 的诊断标准[8]：①体温>38℃或<36℃；②心率>90 次




和免疫紊乱。不仅是重型 TBI 后易发生 SIRS，轻型 TBI 患者伤后 SIRS 的发生
率也高达 61%左右[9, 10]，而文献报道重型TBI患者SIRS的发生率约为 70%～90%[9, 















Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
